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(54)  Active  matrix  electroluminescent  cell  des ign 

(57)  An  electroluminescent  device  comprises  a  plu- 
rality  of  layers  including  at  least  a  transparent  electrode 
layer  (170),  a  circuit  layer  (172),  and  typically  three  layers 
including  an  electroluminescent  layer  (174)  sandwiched 
between  front  and  rear  dielectric  layers  (176,178),  all 
three  layers  thereof  disposed  between  the  circuit  layer 
(1  72)  and  the  transparent  electrode  layer  (1  70).  The  cir- 
cuit  layer  (172)  further  comprises  a  first  gating  device 
(1  06)  coupled  to  a  data  line  (1  02)  and  a  select  line  (1  1  0) 
and  having  an  output  coupled  to  an  input  of  a  charge 
storage  device  (116).  The  charge  storage  device  (116) 
has  a  terminal  (118)  connected  to  a  first  ground  layer 
(120).  A  second  gating  device  (124)  comprises  a  tran- 
sistor  (154)  operating  in  a  breakdown  region.  The  tran- 
sistor  (154)  has  a  gate  coupled  to  the  input  to  the  charge 
storage  device  (116)  and  has  a  first  terminal  (130)  cou- 
pled  to  a  second  ground  layer  (1  34)  and  a  second  termi- 
nal  (126)  coupled  to  a  pixel  electrode  (128).  The  trans- 
parent  electrodes  (136)  carry  an  electrical  signal  such 
that  upon  activation  of  the  second  gating  device  (124) 
an  electric  field  is  generated  between  the  transparent 
electrode  layer  and  the  pixel  electrode  (128)  so  as  to 
cause  the  electroluminescent  layer  to  emit  light. 
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Description 

Background  of  the  Invention 

The  present  invention  relates  to  a  thin-film  electro- 
luminescent  device  for  providing  an  improved  optical  dis- 
play  and  more  particularly  to  an  improved  active  matrix 
thin  film  electroluminescent  device  (AMEL)  for  use  as  an 
optical  display. 

In  general,  AMEL  displays  are  constructed  of  a 
thin-film  laminar  stack  comprising  a  set  of  transparent 
front  electrodes  carrying  an  illumination  signal,  which  are 
typically  indium  tin  oxide  deposited  on  a  transparent  sub- 
strate  (glass).  A  transparent  electroluminescent  phos- 
phor  layer  is  sandwiched  between  front  and  rear  dielec- 
tric  layers,  all  of  which  is  deposited  behind  the  front  elec- 
trodes.  Pixel  electrodes  are  deposited  on  the  rear  die- 
lectric  layer,  typically  consisting  of  a  pad  of  metal  or  po- 
ly-silicon,  positioned  at  each  location  a  pixel  is  desired 
within  the  phosphor  layer.  An  insulator  made  of  any  suit- 
able  material,  such  as  Si02  or  glass,  is  deposited  on  the 
pixel  electrodes  and  exposed  rear  dielectric  layer.  The 
insulator  layer  is  preferably  constructed  with  holes  in  the 
insulator  layer  commonly  referred  to  as  VI  Afor  each  pixel 
electrode,  to  permit  the  connection  of  the  pixel  elec- 
trodes  to  a  circuit  layer  which  is  deposited  on  the  insula- 
tor  layer.  The  circuit  layer  permits  the  individual  address- 
ing  of  each  pixel  electrode.  As  such,  an  individual  pixel 
within  the  electroluminescent  layer  may  be  selectively  il- 
luminated  by  the  circuit  layer  permitting  a  sufficient  elec- 
trical  field  to  be  created  between  the  front  electrodes  and 
the  respective  pixel  electrode. 

Referring  to  FIG.  1,  an  electrical  schematic  of  an 
AMEL  device  is  shown.  A  circuit  layer  1  0  for  selectively 
illuminating  a  respective  pixel,  is  constructed  with  a  low 
voltage  transistor  12,  that  is  designed  to  handle  signals 
up  to  the  range  of  about  20  volts,  to  gate  a  data  signal 
(voltage  signal)  from  a  data  line  1  4  connected  to  the  low 
voltage  transistor's  source  16  to  the  low  voltage  transis- 
tor's  drain  1  8.  The  drain  1  8  is  connected  to  a  hold  capac- 
itor  20  which  in  turn  is  connected  to  a  ground  line  26.  In 
an  actual  fabricated  AMEL  device,  the  capacitor  20  is  not 
generally  fabricated  as  a  discrete  element,  but  is  the  ca- 
pacitance  of  the  line  40  between  the  low  voltage  transis- 
tor's  drain  18  and  the  high  voltage  transistor's  gate  30, 
coupled  to  the  ground  line  26.  The  gate  22  of  the  low 
voltage  transistor  12  is  connected  to  a  select  line  24  for 
activating  the  low  voltage  transistor  1  2  to  permit  selective 
gating  of  the  data  signal  to  the  hold  capacitor  20  for  tem- 
porary  storage.  After  gating  the  data  signal  to  the  hold 
capacitor  20,  the  select  line  24  is  typically  then  deselect- 
ed,  thereby,  isolating  the  hold  capacitor  20  from  the  data 
line  14.  The  capacitor  20  maintains  the  applied  voltage 
for  a  period  of  time  sufficient  for  the  illumination  of  a  pixel. 
The  capacitor  20  is  also  connected  to  the  gate  30  of  a 
high  voltage  transistor  28,  which  is  designed  to  withstand 
voltages  in  the  range  of  about  200  volts  (which  typically 
is  the  maximum  voltage  applied  to  a  display).  Fabricating 

a  high  voltage  transistor  to  maintain  about  200  volts  be- 
tween  its  terminals  is  difficult  and  expensive.  Such  high 
voltage  transistors  also  require  a  significant  amount  of 
area  that  may  not  be  available  when  high  resolution  dis- 

5  plays  are  constructed.  Further,  the  high  voltage  transis- 
tors  may  not  be  as  reliable  as  needed  for  cost  effective 
manufacturing. 

The  high  voltage  transistor's  source  29  and  drain  31 
are  respectively  connected  between  the  ground  line  26 

10  and  a  pixel  electrode  32.  The  front  electrodes  34  carry  a 
high  AC  voltage  illumination  signal  powered  by  a  signal 
driver  36.  By  activating  the  gate  30  of  the  high  voltage 
transistor  28  with  the  electrical  charge  stored  in  the  ca- 
pacitor  20,  after  the  low  voltage  transistor  22  has  been 

is  deactivated,  or  by  the  data  signal  directly  when  the  low 
voltage  transistor  12  is  activated,  the  pixel  electrode  32 
is  electrically  connected  to  the  ground  line  26  through 
transistor  28.  By  connecting  the  pixel  electrode  32  to  the 
ground  line  26  a  sufficient  electric  field  is  created  be- 

20  tween  the  respective  portion  of  the  front  electrodes  34 
and  the  pixel  electrode  32,  causing  light  to  be  emitted 
from  the  interposed  electroluminescent  layer  38. 

A  disadvantage  of  using  this  particular  circuit  design, 
in  addition  to  the  problems  associated  with  the  high  volt- 

es  age  transistor  30,  is  that  each  line,  namely  the  ground 
line  26,  data  line  14,  select  line  24,  and  front  electrodes 
34  (illumination  line),  each  requires  a  level  of  metaliza- 
tion  during  the  fabrication  of  the  display,  and  with  it  the 
associated  cost  and  process  complexity  to  implement 

30  each  level  of  metalization.  If  one  or  more  lines  could  be 
eliminated,  then  a  decrease  in  the  manufacturing  cost 
and  process  complexity  might  be  realized. 

Referring  to  FIG.  2,  a  modified  design  of  the  circuit 
layer  10  is  shown  that  does  eliminate  a  metalized  line. 

35  The  modified  design  involves  connecting  the  source  57 
of  the  high  voltage  transistor  54  to  the  data  line  55  and 
the  capacitor  56  to  ground.  This  circuit  layer  50  reduces 
the  required  number  of  lines  from  four  to  three  by  elimi- 
nation  of  the  ground  line  26.  This  design  works  ade- 

40  quately  at  low  refresh  rates.  However,  this  design  seri- 
ously  limits  maximum  refresh  rate  achievable  because 
the  data  signal  cannot  be  stored  in  the  capacitor  56  si- 
multaneously  with  the  illumination  of  the  pixel  due  to  the 
connection  of  the  high  voltage  transistor  54  with  the  data 

45  line  55.  As  an  illustration  of  the  problem,  if  a  high  data 
bit  is  written  to  the  data  line  55,  the  low  voltage  transistor 
58  will  apply  a  charge  to  the  capacitor  56  if  the  select  line 
61  activates  the  gate  59  of  the  low  voltage  transistor  58. 
This  in  turn  imposes  a  high  voltage  at  the  gate  66  of  the 

so  high  voltage  transistor  54.  The  high  voltage  transistor  54 
will  not  be  activated  because  the  high  data  bit  data  signal 
is  also  simultaneously  imposed  on  the  drain  57  of  the 
high  voltage  transistor  54.  This  causes  the  respective 
pixel  in  the  phosphor  layer,  to  be  turned  off  if  it  was  pre- 

ss  viously  on,  or,  if  it  was  previously  off  to  delay  illuminating 
(turned  on)  because  a  sufficient  electric  field  will  not  be 
created  between  the  front  electrodes  65  and  the  respec- 
tive  pixel  electrode  64  until  the  high  voltage  transistor  54 
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is  activated.  However,  the  high  voltage  transistor  54  will 
not  be  activated  until  a  high  voltage  is  at  the  high  voltage 
transistor's  gate  66  and  the  data  line  55  is  grounded. 

The  limitation  of  not  having  the  capability  of  simul- 
taneously  writing  data  and  illuminating  the  respective 
pixel  reduces  the  illumination  time  of  the  pixel  by  the  pe- 
riod  of  time  required  to  write  the  data.  This  limitation  is 
minor  when  low  refresh  rates  are  used,  but  becomes  pro- 
nounced  when  employing  high  refresh  rates,  such  as 
when  a  temporal  gray  scale  approach  is  used,  because 
the  whole  display  needs  to  be  updated  by  the  number  of 
gray  scales  desired  during  each  screen  refresh.  In  other 
words,  when  using  a  gray  scale  display,  the  pixels  need 
to  be  turned  on  and  off  at  a  much  higher  rate  than  would 
normally  be  the  case,  and  the  time  period  necessary  to 
write  the  data  becomes  more  significant  with  respect  to 
the  illumination  time. 

Additionally,  the  reduction  in  the  illumination  time 
proportionately  decreases  the  maximum  possible  bright- 
ness  of  the  display  and  also  requires  faster  data  update 
rates  due  to  the  shorter  time  allowed.  Furthermore,  since 
the  data  line  55  is  used  to  both  write  the  data  and  sink 
large  electroluminescent  currents  when  the  high  voltage 
transistor  54  is  activated,  the  data  line  55  will  need  to  be 
a  low  resistance  line  to  be  able  to  accommodate  the  in- 
creased  current  levels.  However,  such  low  resistance 
data  lines  55  are  difficult  to  fabricate.  Furthermore,  a 
higher  sinking  capability  is  required  for  a  driver  60  con- 
trolling  the  data  line  55. 

Vanfleteren,  et  al.,  in  a  paper  entitled  "Evaluation  of 
A  64x64  CdSe  TFT  Addressed  ACTFEL  Display  Dem- 
onstrator",  published  in  1991  in  an  IEEE  Journal,  pages 
134-136,  discloses  in  FIG.  1  a  two  transistor-two  capac- 
itor  circuit  for  driving  an  AMEL  electroluminescent  de- 
vice.  In  this  circuit  design,  Cv  is  provided  between  the 
high  voltage  transistor  and  the  electroluminescent  stack 
to  reduce  the  voltage  on  the  high  voltage  transistor  when 
it  is  off.  A  voltage  divider  is  formed  with  CEL  and  Cv  in 
a  manner  so  that  the  high  voltage  transistor  does  not  op- 
erate  in  the  breakdown  region  because  traditional  wis- 
dom  is  that  the  high  voltage  transistor  will  self-destruct  if 
required  to  do  so.  With  large  pixels,  such  as  those  in  the 
Vanfleteren  disclosure,  there  is  a  high  capacitance  value 
which  causes  peak  currents  that  may  be  too  large  for  the 
high  voltage  transistors  to  handle.  Additionally,  using 
large  pixels  increases  the  chances  of  microscopic  shorts 
that  can  result  in  a  direct  current  destroying  the  high  volt- 
age  transistor.  The  fabrication  of  Cv  also  takes  a  signif- 
icant  amount  of  area,  additional  processing,  and  is  a  high 
voltage  capacitor  that  could  fail  reducing  the  yield  of 
manufacturing. 

Referring  to  FIG.  2  of  Vanfleteren,  et  al.,  the  struc- 
ture  of  the  AMEL  device  is  constructed  by  starting  with 
a  glass  layer  and  then  proceeding  to  deposit  an  ITO,  di- 
electric,  phosphor,  and  dielectric  layer.  Then,  the  pixel 
electrodes  are  deposited  on  the  last  dielectric  layer  fol- 
lowed  by  a  sandwiched  layer  structure  of  a  first  A1203 
layer,  a  second  A1203  layer  and  a  grounded  electrode 

layer  between  the  first  and  second  A1  203  layers.  Depos- 
ited  on  the  second  A1203  layer  are  the  individual  circuit 
elements  forming  a  circuit  layer.  Large  voltages  are 
present  during  the  operation  of  the  display  between  the 

5  ITO  and  the  pixel  electrodes  that  produce  stray  voltages 
that  could  easily  interfere  with  the  transistors,  particularly 
the  low  voltage  transistor  in  the  circuit  layer.  The  inter- 
posed  grounded  electrode  layer  between  the  A1  203  lay- 
ers  acts  to  shield  the  circuit  layer  from  the  stray  voltages, 

10  thus  reducing  the  likelihood  of  interference  with  the  op- 
eration  of  the  circuit  layer.  The  second  Al203  layer  will 
inherently  have  a  significant  number  of  microscopic  de- 
fects  due  to  depositing  it  on  the  grounded  electrode  layer 
which  limits  how  small  the  individual  circuit  elements 

is  may  be  and  still  function.  As  described  in  Vanfleteren, 
the  low  power  memory  TFT  has  channel  dimensions  of 
W  x  L  =  25u.m  x  125u.m  which  is  totally  unacceptable 
when  constructing  a  high  resolution  display.  Such  chan- 
nel  dimensions  and  the  circuit  used  in  Vanfleteren  will 

20  probably  only  give  a  maximum  resolution  of  around  1  00 
pixels  per  inch. 

What  is  desirable  is  a  display  structure  that  minimiz- 
es  the  number  of  lines  required  in  an  AMEL  circuit  layer 
and  permits  the  use  of  significantly  smaller  transistors 

25  and  other  circuit  elements,  so  that  high  resolution  dis- 
plays  up  to  the  range  of  2,000  pixels  per  inch  can  be  man- 
ufactured.  Further,  the  design  should  provide  for  high 
maximum  refresh  rates  to  accommodate  a  high  gray 
scale. 

30 
Summary  of  the  Present  Invention 

The  present  invention  overcomes  the  aforemen- 
tioned  drawbacks  of  the  prior  art  by  providing  an  electro- 

ns  luminescent  device  that  comprises  a  plurality  of  layers 
including  at  least  a  transparent  electrode  layer,  a  circuit 
layer,  and  at  least  two  layers  including  an  electrolumi- 
nescent  layer  and  a  dielectric  layer,  said  at  least  two  lay- 
ers  disposed  between  the  circuit  layer  and  the  transpar- 

40  ent  electrode  layer.  The  circuit  layer  further  comprises  a 
first  gating  device  coupled  to  a  data  line  and  a  select  line 
and  having  an  output  coupled  to  an  input  of  a  charge 
storage  device.  The  charge  storage  device  has  a  termi- 
nal  connected  to  a  first  ground  layer.  A  second  gating 

45  device  comprises  a  transistor  operating  in  a  breakdown 
region.  The  transistor  has  a  gate  coupled  to  the  input  to 
the  charge  storage  device  and  has  a  first  terminal  cou- 
pled  to  a  second  ground  layer  and  a  second  terminal  cou- 
pled  to  a  pixel  electrode.  The  transparent  electrode  layer 

so  carrying  an  electrical  signal  such  that  upon  activation  of 
the  second  gating  device  an  electric  field  is  generated 
between  the  transparent  electrode  layer  and  the  pixel 
electrode  so  as  to  cause  the  electroluminescent  layer  to 
emit  light. 

55  The  circuit  design  eliminates  the  prior  need  for  the 
inclusion  of  a  capacitance  between  the  second  gating 
device  and  the  pixel  electrode  which  takes  up  unneces- 
sary  area  that  is  needed  when  constructing  high  resolu- 
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tion  displays.  The  number  of  metalization  lines  is  mini- 
mized  by  the  elimination  of  the  ground  line  and  by  using 
a  ground  layer  instead.  Also,  the  processing  difficulties 
associated  with  fabricating  high  voltage  capacitors  and 
the  possible  reductions  of  overall  manufacturing  yields  s 
is  reduced.  Further,  the  high  voltage  capacitor  does  not 
need  to  maintain  a  full  200  volts  by  designing  the  circuit 
to  permit  it  to  operate  in  the  breakdown  region. 

In  a  preferred  embodiment  of  the  present  invention, 
the  circuit  layer  is  deposited  on  a  rearwardly  disposed  10 
substrate  and  the  first  grounded  terminal  and  the  second 
grounded  terminal  are  electrically  connected  to  the  sub- 
strate  layer.  A  ground  plane  is  sandwiched  between  front 
and  rear  insulator  layers,  all  three  layers  thereof  dis- 
posed  between  the  electroluminescent  layer  and  the  cir-  15 
cuit  layer. 

Inclusion  of  the  substrate  layer,  which  is  typically  a 
highly  pure  and  nearly  defect  free  material,  allows  the 
circuit  layer  to  be  designed  with  smaller  gating  devices 
than  could  previously  be  used.  The  use  of  small  gating  20 
devices  and  other  small  electrical  devices  in  the  circuit 
layer  permits  a  high  definition  display  to  be  constructed 
in  the  range  of  2,000  pixels  per  inch. 

The  foregoing  and  other  objectives,  features,  and 
advantages  of  the  invention  will  be  more  readily  under-  25 
stood  upon  consideration  of  the  following  detailed  de- 
scription  of  the  invention,  taken  in  conjunction  with  the 
accompanying  drawings. 

Brief  Description  of  the  Drawings  30 

FIG.  1  is  an  electrical  schematic  of  an  AMEL  circuit 
design  including  a  ground  line. 

FIG.  2  is  an  electrical  schematic  of  an  AMEL  circuit 
design  wherein  the  source  of  a  high  voltage  transistor  is  35 
connected  to  the  data  line. 

FIG.  3  is  a  block  diagram  of  an  exemplary  embodi- 
ment  of  an  AMEL  circuit  design  constructed  according 
to  the  invention. 

FIG.  4  is  an  exemplary  electrical  schematic  diagram  40 
of  the  AMEL  circuit  of  FIG.  3. 

FIG.  5  is  a  timing  diagram  for  the  circuit  design 
shown  in  FIG.  4. 

FIG.  6  is  a  cut  away  sectional  representation  of  an 
exemplary  inverted  structure  AMEL  device  constructed  45 
in  accordance  with  the  present  invention. 

Detailed  Description  of  the  Invention 

An  improved  circuit  design  will  first  be  described,  so 
thereafter  an  improved  laminar  stack  structure  intended 
primarily  for  the  improved  circuit  design  will  be  de- 
scribed. 

Referring  to  FIG.  3,  an  improved  circuit  layer  100  is 
shown  for  an  active  matrix  thin  film  electroluminescent  55 
device  (AMEL)  that  may  be  fabricated  for  constructing 
high  resolution  displays  in  the  range  of  2,000  lines  per 
inch.  Such  displays  are  preferably  used  in  head  mounted 

or  projection  type  displays.  The  circuit  layer  comprises 
a  data  line  102  that  is  electrically  connected  to  an  input 
terminal  1  04  of  a  first  gating  device  1  06.  A  select  line  1  08 
is  electrically  connected  to  a  first  select  input  110  of  the 
first  gating  device  1  06.  To  operate  the  first  gating  device 
106,  the  select  line  is  activated  permitting  a  signal  (volt- 
age  signal)  from  the  data  line  102  to  be  electrically  con- 
nected  to  an  output  terminal  1  1  2  of  the  first  gating  device 
1  06.  The  output  terminal  1  1  2  is  electrically  connected  to 
a  first  terminal  1  1  4  of  a  charge  storage  device  1  1  6.  The 
charge  storage  device  116  stores  the  electrical  charge 
imposed  on  the  first  terminal  1  1  4  between  the  first  termi- 
nal  114  and  a  first  grounded  terminal  1  1  8  of  the  charge 
storage  device  116.  The  first  grounded  terminal  118  is 
electrically  connected  to  a  first  ground  layer  1  20.  The  first 
ground  layer  120  is  any  suitable  layer  of  material  in  the 
laminar  stack  of  the  thin  film  electroluminescent  device 
that  can  provide  an  adequate  ground.  The  preferred 
ground  is  a  rearwardly  disposed  substrate  layer  or  a 
grounded  plane  of  the  laminar  stack,  both  described  lat- 
er.  As  such,  the  first  grounded  terminal  118  does  not  re- 
quire  a  separate  ground  line  to  be  included,  as  shown  in 
FIG.  1,  which  would  otherwise  increase  the  cost  and 
process  complexity  of  the  display.  In  an  actual  fabricated 
AMEL  display,  the  charge  storage  device  1  1  6  is  not  gen- 
erally  fabricated  as  a  discrete  element,  but  rather  is  the 
capacitance  between  a  ground  layer  and  the  line  be- 
tween  the  output  terminal  1  1  2  and  a  second  select  input 
122  of  a  second  gating  device  124. 

The  first  terminal  114  is  also  electrically  connected 
to  the  second  select  input  122  of  the  second  gating  de- 
vice  1  24.  A  pixel  terminal  1  26  of  the  second  gating  device 
124  is  electrically  connected  to  a  pixel  electrode  128  in 
the  laminar  stack  1  32.  The  display  is  designed  to  be  used 
as  a  high  resolution  display,  so  the  pixel  electrodes  128 
are  preferably  sized  to  be  on  the  order  of  about  22u.m  x 
22u.m  in  size.  The  pixel  electrodes  128  may  be  sized  in 
the  general  range  of  1  0u.m  x  1  0u.m  to  50u.m  x  50um  The 
second  gating  device  124  should  comprise  a  transistor 
operating  in  a  breakdown  region  to  maintain  a  predeter- 
mined  voltage  between  a  second  grounded  terminal  1  30 
of  the  second  gating  device  124  and  the  pixel  terminal 
126  when  the  second  select  input  122  is  deactivated. 
The  electroluminescent  phosphor  layer  of  the  laminar 
stack  132  emits  light  when  a  voltage  is  applied  in  the 
range  of  around  120  volts  to  200  volts  (typically  the  max- 
imum  used)  across  the  phosphor  layer.  As  such,  the  sec- 
ond  gating  device  1  24  should  be  designed  to  maintain  a 
voltage  around  80  volts  or  more  to  prevent  the  electro- 
luminescent  phosphor  layer  from  emitting  light.  As  such, 
the  voltage  swing  imposed  on  the  phosphor  layer  from 
full  on  (200  volts)  to  full  off  (0  volts)  in  the  laminar  stack 
1  32  will  only  be  1  20  volts  if  the  high  voltage  transistor  is 
maintained  at  80  volts  while  the  pixel  is  off.  By  using 
small  pixel  electrodes,  the  electroluminescent  layer  acts 
as  a  small  high  quality  capacitor,  which  in  reality  limits 
the  currents  through  the  second  gating  device  124 
(which  is  commonly  a  transistor),  thereby  creating  an  op- 
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erable  design.  Therefore,  a  voltage  division  circuit  is  not 
used  to  prevent  the  high  voltage  transistor  from  operat- 
ing  in  the  breakdown  region.  With  the  small  high  quality 
electroluminescent  capacitor  limiting  the  current,  a  high 
voltage  transistor  with  an  80  volt  breakdown  voltage  may 
be  used.  Such  80  volt  transistors  are  more  reliable  than 
higher  voltage  transistors  and  require  less  area  to  fabri- 
cate  which  is  critical  in  extremely  high  resolution  dis- 
plays.  If  the  same  high  voltage  transistor  were  used  in  a 
traditional  lower  resolution  display  employing  larger  pixel 
electrodes  which  inherently  have  a  much  higher  capac- 
itance  value,  the  peak  currents  might  be  too  large  for  the 
high  voltage  transistor  causing  its  self-destruction  as  the 
conventional  wisdom  dictates.  Further,  using  larger  pixel 
electrodes  increases  the  chances  of  microscopic  shorts 
that  could  result  in  a  direct  current  path  which  could  de- 
stroy  the  high  voltage  transistor. 

The  second  gating  device  124  also  operates  in  a 
conducting  mode  to  electrically  connect  the  second 
grounded  terminal  130  to  the  pixel  terminal  126  by  acti- 
vation  of  the  second  select  input  122.  Likewise,  the  sec- 
ond  grounded  terminal  130  is  connected  to  a  second 
ground  layer  1  34.  The  second  ground  layer  1  34  may  be 
the  same  or  a  different  layer  from  that  of  the  first  ground 
layer  120.  Grounding  the  second  grounded  terminal  130 
permits  the  simultaneous  illumination  of  a  pixel  with  the 
writing  of  the  data.  This  is  critical  for  high  refresh  rates, 
especially  when  employing  a  high  gray  scale.  The  trans- 
parent  electrodes  1  36  carry  an  electrical  signal  from  a 
signal  driver  1  38  such  that  upon  an  activation  of  the  sec- 
ond  gating  device  124  an  electric  field  is  generated  be- 
tween  a  transparent  electrode  layer  in  the  laminar  stack 
1  32  and  the  pixel  electrode  1  28,  so  as  to  cause  the  elec- 
troluminescent  layer  to  emit  light. 

FIG.  4  is  an  electrical  schematic  of  FIG.  3,  with  the 
first  gating  device  106  replaced  by  a  transistor  150,  the 
charge  storage  device  116  replaced  by  a  capacitor  152, 
and  the  second  gating  device  1  24  replaced  by  a  transis- 
tor  1  54.  It  is  preferable  that  the  transistors  are  fabricated 
using  MOS  technology,  but  other  types  of  transistors 
may  also  work  such  as  bipolar,  CMOS,  FET,  JFET  or 
Bi-CMOS.  The  transistor  1  50  is  preferably  a  low  voltage 
transistor  capable  of  handling  voltages  up  to  about  10 
volts  so  that  its  size  can  be  minimized. 

Referring  to  FIG.  5,  a  timing  diagram  is  shown  for 
FIG.  4  having  N-channel  MOS  transistors.  Briefly  de- 
scribing  some  timing  transitions,  when  the  select  line  1  60 
switches  from  low  to  high  at  time  200  the  data  line  162 
is  maintaining  the  capacitor  152  with  a  low  voltage  caus- 
ing  the  respective  pixel  not  to  emit  light.  At  time  202  the 
select  line  is  high  and  the  data  line  162  switches  from 
low  to  high  causing  the  charge  storage  device  152  to 
charge,  thereby,  causing  the  respective  pixel  to  emit 
light.  The  pixel  will  continue  to  emit  light  until  time  206, 
even  though  there  are  changes  in  the  voltage  level  of  the 
data  line  162  because  these  switches  occur  while  the 
select  line  160  is  deactivated.  At  time  206,  the  select  line 
switches  high  while  the  data  line  is  low  causing  the  ca- 

pacitor  152  to  switch  low,  thereby,  turning  off  the  respec- 
tive  pixel. 

Referring  to  FIG.  6,  an  AMEL  device  is  constructed 
using  an  inverted  structure.  A  plurality  of  layers  is  pro- 

5  vided  including  at  least  a  transparent  electrode  layer 
170,  a  circuit  layer  172,  and  typically  three  layers  includ- 
ing  an  electroluminescent  phosphor  layer  174  sand- 
wiched  between  front  and  rear  dielectric  layers  176  and 
1  78,  all  three  layers  being  placed  between  the  circuit  lay- 

10  er  1  72  and  the  transparent  electrode  layer  1  70.  The  cir- 
cuit  layer  is  fabricated  on  a  rearwardly  disposed  sub- 
strate  180.  The  rearwardly  disposed  substrate  is  prefer- 
ably  a  high  purity  silicon  in  which  the  circuit  layer  172  is 
fabricated.  Then  a  front  glass  plate  182  is  attached.  The 

is  preferred  fabrication  technique  is  ALE  (atomic  layer  epi- 
taxy).  Other  fabrication  processes  may  also  be  accept- 
able.  The  design  of  the  circuit  layer,  as  shown  in  FIG.  4, 
is  such  that  the  size  and  area  required  for  the  electrical 
devices  is  reduced  to  permit  a  display  in  the  range  of 

20  2,000  lines  per  inch  to  be  fabricated.  The  preferred  layout 
has  the  low  voltage  transistor  fabricated  to  be  5u.m  x 
15u.m  which  is  a  significant  decrease  in  size  from  tran- 
sistors  previously  used.  Small  transistors  in  the  range  of 
5u.m  x  15u.m  deposited  on  the  dielectric  layer  would  not 

25  function  because  of  the  defects  inherently  present  in  the 
deposited  dielectric  layer.  Inverted  structure  AMEL  dis- 
plays  have  not  previously  been  designed  because  con- 
ventional  displays  typically  only  require  a  resolution  of 
1  00  lines  per  inch,  which  is  obtainable  by  depositing  the 

30  circuit  layer  on  the  dielectric  layer  and  glass  substrate 
which  avoids  the  expense  of  providing  a  large  silicon 
substrate. 

The  individual  circuit  elements  184a,  184b,  184c 
and  184d  are  connected  to  respective  pixel  electrodes 

35  1  86a,  1  86b,  1  86c  and  1  86d,  with  a  metal  line  connected 
through  a  hole  in  the  interdisposed  layers,  commonly  re- 
ferred  to  as  VIA,  to  permit  connection.  The  interdisposed 
layers  are  a  first  isolation  layer  188,  a  second  isolation 
layer  190,  with  an  interdisposed  ground  plane  192  pref- 

40  erably  of  aluminum.  The  isolation  layers  188  and  190  are 
preferably  made  out  of  glass  or  Si02.  During  operation 
of  the  display,  high  voltages  will  be  present  at  the  pixel 
electrodes  186a-d  which  may  cause  interference  with 
the  transistors  in  the  circuit  layer  172.  By  providing  the 

45  ground  plane  192,  the  voltages  at  the  pixel  electrodes 
will  be  shielded  from  the  circuit  elements  1  84a-d.  This  is 
particularly  important  for  the  low  voltage  transistor  be- 
cause  it  operates  with  a  smaller  voltage  margin.  The 
grounding  for  the  circuit  layer  184a-d  is  preferably  the 

so  rearwardly  disposed  substrate  layer  180  or  the  ground 
plane  1  92.  Also,  a  large  ground  plane  1  92  helps  increase 
the  reliability  of  using  a  high  voltage  transistor  with  a  low- 
er  breakdown  voltage,  such  as  a  80  volt  transistor.  Ad- 
ditionally,  a  good  ground  plane  1  92  or  substrate  1  80  per- 

55  mits  a  higher  resistance  data  line  102  to  be  used. 
In  an  alternative  embodiment  of  the  present  inven- 

tion  either  the  rear  dielectric  layer  or  the  front  dielectric 
layer  may  be  omitted. 

5 
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The  terms  and  expressions  which  have  been  em- 
ployed  in  the  foregoing  specification  are  used  therein  as 
terms  of  description  and  not  of  limitation,  and  there  is  no 
intention,  in  the  use  of  such  terms  and  expressions,  of 
excluding  equivalents  of  the  features  shown  and  de- 
scribed  or  portions  thereof,  it  being  recognized  that  the 
scope  of  the  invention  is  defined  and  limited  only  by  the 
claims  which  follow. 

Claims 

1  .  An  electroluminescent  device  comprising  a  plurality 
of  layers  including  at  least  a  transparent  electrode 
layer,  a  circuit  layer,  and  at  least  two  layers  including 
an  electroluminescent  layer  and  a  dielectric  layer, 
said  at  least  two  layers  disposed  between  said  cir- 
cuit  layer  and  said  transparent  electrode  layer,  char- 
acterised  in  that; 

(a)  said  circuit  layer  further  includes 

(i)  a  first  gating  device  coupled  to  a  data  line 
and  a  select  line  and  having  an  output  cou- 
pled  to  an  input  of  a  charge  storage  device, 
said  charge  storage  device  having  a  termi- 
nal  connected  to  a  first  ground  layer; 

(ii)  a  second  gating  device  comprising  a 
transistor  operating  in  a  breakdown  region, 
said  transistor  having  a  gate  coupled  to  said 
input  to  said  charge  storage  device  and 
having  a  first  terminal  coupled  to  a  second 
ground  layer  and  a  second  terminal  cou- 
pled  to  a  pixel  electrode;  and 

(b)  said  transparent  electrode  layer  carries  an 
electrical  signal  such  that  upon  activation  of  said 
second  gating  device  an  electric  field  is  gener- 
ated  between  said  transparent  electrode  layer 
and  said  pixel  electrode  so  as  to  cause  said 
electroluminescent  layer  to  emit  light. 

2.  The  device  of  claim  1  further  comprising,  said  circuit 
layer  deposited  on  a  rearwardly  disposed  substrate. 

3.  The  device  of  claim  2  wherein  said  first  ground  layer 
and  said  second  ground  layer  are  said  substrate. 

4.  The  device  of  claim  1  further  comprising  at  least 
three  additional  layers,  including  a  ground  plane 
sandwiched  between  front  and  rear  insulator  layers, 
all  three  layers  thereof  disposed  between  said  elec- 
troluminescent  layer  and  said  circuit  layer. 

5.  The  device  of  claim  2  further  comprising: 

(a)  at  least  three  additional  layers,  including  a 

ground  plane  sandwiched  between  front  and 
rear  insulator  layers,  all  three  layers  thereof  dis- 
posed  between  said  electroluminescent  layer 
and  said  circuit  layer;  and  wherein 

5 
(b)  said  first  ground  layer  is  said  substrate;  and 

(c)  said  second  ground  layer  is  said  ground 
plane. 

10 
6.  The  device  of  claim  2  further  comprising: 

(a)  at  least  three  additional  layers,  including  a 
ground  plane  sandwiched  between  front  and 

is  rear  insulator  layers,  all  three  layers  thereof  dis- 
posed  between  said  electroluminescent  layer 
and  said  circuit  layer;  and  wherein 

(b)  said  first  ground  layer  is  said  ground  plane; 
20  and 

(c)  said  second  ground  layer  is  said  substrate. 

7.  The  device  of  claim  1  wherein  said  pixel  electrode 
25  is  on  the  order  of  22u.m  x  22u.m  in  size. 

8.  The  device  of  claim  1  wherein  said  first  gating  device 
comprises  a  transistor  that  is  on  the  order  of  5u.m  x 
15u.m  in  size. 

30 
9.  An  electroluminescent  device  comprising: 

(a)  a  plurality  of  layers  including  at  least  a  trans- 
parent  electrode  layer,  a  circuit  layer,  and  at 

35  least  two  layers  including  an  electroluminescent 
layer  and  a  dielectric  layer,  said  at  least  two  lay- 
ers  disposed  between  said  circuit  layer  and  said 
transparent  electrode  layer; 

40  (b)  said  circuit  layer  deposited  on  a  rearwardly 
disposed  substrate;  and 

(c)  said  circuit  layer  further  comprising: 

45  (i)  a  first  gating  device  electrically  connect- 
ing  a  data  line  to  a  charge  storage  device 
by  activation  of  a  select  line; 

(ii)  said  charge  storage  device  electrically 
so  connected  between  a  first  ground  and  a 

second  gating  device; 

(iii)  said  second  gating  device  electrically 
connecting  a  pixel  electrode  to  a  second 

55  ground  by  activation  of  said  charge  storage 
device; 

said  transparent  electrode  layer  carrying  an 

35 
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electrical  signal  such  that  upon  activation  of  said 
second  gating  device,  an  electric  field  is  gener- 
ated  between  said  transparent  electrode  layer 
and  said  pixel  electrode  so  as  to  cause  said 
electroluminescent  layer  to  emit  light.  s 
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